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Abstract 
The article considers technical condition of stadium stands structures. We use both fixed and variable parameters. Distribution 
and calculation of statistical characteristics of the function are provided. Safety factor is considered through the fault indicator at 
the beginning and end of the operation. The calculation is carried out on a probabilistic basis, reflected in the fact that with 
deterioration of the planned indicators both economic and non-economic damages are possible. 
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Nomenclature 
LB         Lower Beam 
UB        Upper Beam 
LMB     Lower Middle Beam 
UMB     Upper Middle Beam 
Vvr              Variation Coefficient 
P            Weight 
Cs             Safety Coefficient  
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1. Introduction 
At present a large number of scientific papers are dedicated to the issues of structures and their elements 
reliability [1-7]. The paper emphasizes the importance of monitoring the state of the exploited objects [8, 9], the 
regular inspection of their technical condition [10-14] and reasonable purpose of geometric parameters and 
operating modes [15-19]. 
Safe operation of individual construction structures or buildings as a whole can be estimated by many criteria 
[20-22]. The most important are: the clearance time from building spaces during an emergency, fire resistance, 
strength and stability of building structures, environmental friendliness of construction materials and other non-
economic losses. 
The most uncertain and time consuming here is to determine the probability of failure. It can be defined 
analytically, numerically (iteratively or by brute force), using tables and statistical dependence. 
The analytical solution is obtained by solving the integral, in the integrand of which there is a composed 
distribution of the statistic laws of normal and the Type-2 Gumbel. The iterative method of solution is implemented 
in the equation, where the right side contains the required failure probability and the left one includes failure 
indicator. 
Statistical dependence connects the failure probability with the variation coefficient of loads and load-bearing 
capacity, as well as with the ratio of the bearing capacity and load average values. Brute force involves multiple 
solution of the same function for different combinations of input data, resulting in a histogram of the difference 
between the property and the impact due to the parameters of which the failure probability is calculated, and tables 
based on iterative solutions are compiled. 
The conducted research reduced to the assessment of constructions stands technical state, because the reliability 
of the stadium and its stands is directly dependent on that. The aim of the work is to evaluate the stadium stands 
technical state and their further safe operation. 
The objectives of the research are: 
x examination of construction stands technical state; 
x method development of statistical data collection on the technical state of building structures on the existing site. 
2. Research 
As an example we have examined the stands structure. Studies were conducted due to the detected defects, which 
questioned the safe operation of the whole stadium. 
Bearing structure stands are beams. There are four beams in each row. The total amount of the rows with beams 
is 48, Fig.1.  Beams were marked as follows: the upper and lower were marked as LB and UB, the middle ones were 
marked as LMB and UMB. The distance between the beams is 3m. 
The beams rest on brick piers with cross-section dimension of 51х51sm. Piers were installed on concrete blocks 
of cubic shape with edge length of 890sm. Beams in the UB axes rest with one end on a brick wall. 
 
 
Fig. 1. The side beams view. 
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Load due to people was taken at a rate of 1 person per 0.5m. The distance between rows was 70cm. The average 
weight of a person is assumed to be 80 kg. The variation coefficient of people’s weight is – Vvr = 0.3. People’s 
weight is increasing with time according to the law: 
ܲ ൌ ܽ଴ ൅ ܽଵ ή ܮ݊ሺܶ െ ܽଶሻ  (1) 
where Т – a target year. The fundamental change of live load representation character takes into account not only 
the random possibility of increasing the load intensity over time, but also non-random, related to people's lives 
conditions. Therefore, the likely burden at the end of operation in comparison with the load at the beginning of 
operation will consist of a random component increased in accordance with systematic correction. 
Mathematically, this is written according to the Type-2 Gumbel: 
ߙ ൌ ଵǤଶହଷఙ ǡ ݑ ൌ ൣܽ଴ ൅ ܽଵ ή ܮ݊൫ ௕ܶ௚௡ െ ܽଶ൯൧ െ
଴Ǥହ଻଼
ఈ  (2) 
௧ܲୀ் ൌ ቀݑ ൅ ଵఈ ή ܮ݊ሾܶሿቁ ή
௔బା௔భή௅௡ሺ்೐೙೏ି௔మሻ
௔బା௔భή௅௡൫்್೒೙ି௔మ൯   (3) 
where V is root – mean - square deviation of live load, ൣܽ଴ ൅ ܽଵ ή ܮ݊൫ ௕ܶ௚௡ െ ܽଶ൯൧ – the average value of live 
load, 1.253 and 0.578 – the coefficient values at the amount of experimental data which are equal to infinity. The 
full load standard for the composition of mutually independent permanent and temporary loads is equal to: 
ߪ ൌ ඥሺݍ௖௢௡௦௧ ή ௖ܸ௢௡௦௧ሻଶ ൅ ൫ݍ௧௘௠௣Ǥ௧ୀ଴ ή ௩ܸ௥൯ଶ  (4) 
where qconst – constant load, Vconst , Vtemp – variation coefficient of constant and temporary loads. This way, full 
load on the stand beam at the beginning of operation will be: 
ݍ௙௨௟௟Ǥ௧ୀ଴ ൌ ݍ௧௘௠௣Ǥ௧ୀ଴ ൅ ݍ௖௢௡௦௧   (5) 
Full load on the stand beam at the end of operation will be: 
ݍ௙௨௟௟Ǥ௧ୀ் ൌ ݍ௧௘௠௣Ǥ௧ୀ଴ ൅ ݍ௖௢௡௦௧  (6) 
In the last two equations we gave notations for the average values of full, temporary and constant loads.  The 
reinforcement diameters were taken from a survey without regard to its corrosion. The geometrical dimensions were 
taken from a survey and attached to the modular dimensions. Calculations were made for beams strength design 
capacity. The results of calculations have shown that the beams strength design of LB, LMB and UMB was less than 
the design load.  
 
    Table 1. Calculation results of beams strength. 
Name of load  LB and LMB 
beams 
UMB beams UB beams 
Actual load, Nmm х 107, tm 9,564 4,757 18,05 
Design load-bearing capacity, Nmm х 107, tm 5,732 3,46 21,0 
Actual load-bearing capacity (with regard to reinforcement 
corrosion), Nmm х 107 ,tm 
4,73 2,79 17,16 
 
Constant load was determined based on the actual condition of the stands. In order to make calculations 
objective, statistical characteristics of the beams geometric dimension, volumetric weight of heavy concrete and its 
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strength in beams were investigated. Weight of beams was determined on the basis of these studies using the 
"Perebor" program.  
 
 
Fig. 2. Distribution parameters example of various types of beams. 
UB beams had significant corrosion of reinforcement. The diameter reduction up to 32mm was recorded. That 
way, it became clear that the LB, LMB and UMB beams strengthening is necessary.  
The weight of people, who are on the stands, is a major burden on them. Therefore, in case of stands structures 
failure people will unavoidably be harmed. Moreover, the economic losses arising from the failure (destruction of 
structures and related elements, its recovery), can’t be compared with the priceless human’s life and health. 
In this regard, referring to the non-economic losses, it should be understood that we are talking about the safety 
of the structure. The term “non-economic losses” is closely related to the term “safety”.  In general they mean the 
same, but the term “safety” is dimensionless and it means the ratio of non-economic losses typical for a structure 
which is in such a technical state that is caused by factual conditions of its existence. Under our assumption, a safety 
factor can be expressed as the ratio of failures indicators at the beginning and end of the operation: 
ܥݏ ൌ ௡ഗ೟సబ௡ഗ೟స೅ ൌ
ሺேഥ೟సబି௤ത೟సబሻήටఙಿ೟స೅మ ାఙ೜೟స೅మ
ேഥ೟స೅ି௤ത೟స೅ήටఙಿ೟సబమ ାఙ೜೟సబమ
  (7) 
Non-economic losses (NEL) depend on the design quality, manufacture and operation of the structure that is 
integrally reflected in the probability of its failure (Qк), the probability of people staying in the area affected by time 
(Qn) and area (Qf) and the number of people staying in the area affected (M). 
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As all of these probabilities are independent, the probability of co-occurrence (that is the probability of non-
economic loss) will be equal to the product of their probabilities separately) will be equal to the product of their 
probabilities separately: 
ܰܧܮ ൌ ܯ ή ܳ௞ ή ܳ௧ ή ܳ௙ǡ݌݁݋݌݈݁  (8) 
These non-economic losses should not be more than acceptable, standard. If during the structure design it turns 
out that non-economic losses caused by its failure exceed the standard, then the structure is not safe, and it should be 
designed differently. 
That way, non-economic criterion is most suitable for use in determining the suitability of the stands operation. 
3. Conclusions 
The results of experimental and theoretical studies have allowed us to formulate the following conclusions: 
A detailed study of the stands structure technical state has been made. The research was aimed at developing the 
methods of statistical data collection on the technical state of building structures on the existing site. 
Visual observation of reinforced concrete stands structures shows the defects acquired during the period of 
operation: corrosion (surface and causing metal peeling) of load-bearing and structural reinforcement; corrosion 
cracks and peeling along the rusted concrete reinforcement; cracks arising from past loadings; concrete spalls; 
concrete deterioration on triangular supports; deflections, visible to the eye.   
Algorithms and programs for structures strength calculations have been developed. Calculation assessment was 
carried out on a probabilistic basis. All data were checked for homogeneity, variation coefficient was determined. 
Also, we checked the affiliation of experienced distribution to the normal probability law by F2 criterion.  
Specific recommendations for the structures strengthening were produced; additional supports for beams were 
installed; horizontal stands plates were replaced. 
As a result of the studies, as the criterion of "security" we took non-economic losses. The weight of people who 
are on the stands was the main burden on them, therefore, in case of stands structures failure people will 
unavoidably be harmed. Moreover, the economic losses arising from the failure (destruction of structures and related 
elements, its recovery), can’t be compared with the priceless human’s life and health. 
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